The redox properties of a series of 1-aza-, 1,5-diaza-and 1,8-diazaanthracene-4,9,10-triones are reported. The results obtained show that the presence of electron-withdrawing heterocyclic nitrogen atoms causes an increase of the reduction potentials, and also the expected similar effect of electron-withdrawing substituents. /^-substituted derivatives exhibited a reduction at ca. -1.45 V, which is assigned to the α,β-unsaturated carbonyl system. In contrast with their 2-oxo vinylogues, 1,5-diaza-and 1,8-diazaanthracene-4,9,10-triones show three reduction potentials. On the basis of the results obtained with W-substituted derivatives, the first of these potentials is attributed to the presence of detectable amounts of the 4-hydroxy-tautomers.
Introduction
Heterocyclic quinones are attracting increasing interest due to their challenging chemistry 1 · 2 and their interesting biological properties. 3 The ease with which quinones undergo reduction processes, as reflected in their redox properties,4,5,6,7,8,9,10,11 is oi g reat re | evance j n the understanding of their biological roles, and can be often used to establish correlations with their biological behaviour. For instance, a quantitative relationship has been found between the reduction potentials and the rate at which a series of aza-and diaza-bicyclic quinones related to the AB system of streptonigrin degrade DNA in vitro} 2 Also, the redox potential of pyrroloquinolinequinone (PQQ) 13 has been correlated with its activity as a dehydrogenase cofactor. 14 Redox processes, such as the so-called 'bioreductive alkylation' mechanism, or the generation of DNA-damaging hydroxyl radicals from quinone radical anions, are also involved in the mechanisms of action of a number of wellknown antitumour compounds. 15 We have previously shown 18 that several series of 1-azaanthracene-9,10-diones (1, 2, 3), 1H-1-azaanthracene-2,9,10-triones (2, 5,6) and 1H-1,8-diazaanthracene-2,7,9,10-tetraones (7) show two one-electron quasireversible reduction waves to the corresponding radical anions (semiquinones) and dianions, and that the first and second reduction steps occur at the quinone system in ail compounds studied, independently of the presence of other functional groups. We now compare this behaviour with the one exhibited by analogous tricyclic azaanthraquinones bearing a carbonyl function at C-4 (compounds 11-15
Results and Discussion
The cyclic voltammetry data of azaanthraquinones 11-17 are summarized in Table 1 , compared with those of 9,10-anthraquinone (8) 22 and reference compounds 9 and 10. 18 The cyclic voltammetry measurements were carried out in dimethyl sulfoxide at room temperature with tetrabutylammonium Perchlorate as the supporting electrolyte and using a potential scan rate of 50 mV.s" additional reduction potential at about 1.4 V. In order to study this reduction, the electrochemical behaviour of hydroquinones 18 and 19 was also examined. Since both compounds showed a reduction potential in the same region, it can be concluded that it is probably due to reduction of the C 2 =C 3 -C 4 =0 unsaturated system.
In contrast with the observations previously made on their 2-oxo-analogues, compounds 11-15 showed a third reduction step (E 1 ' p / 2 ) which had no evident explanation, and that was not present in the /^-substituted derivatives 16 and 17. Since the latter two compounds (C) can be regarded as fixed models of the 4-oxo structure A, it is likely that the third reduction potential is due to the presence of the 4-hydroxy tautomer Β under the experimental conditions employed. Although the oxo-enol tautomerism in 4-pyridone substructures has been studied by a number of techniques, 23 
